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PROBLEM TO BE SOLVED: To solve the problem, with 
the high-frequencies of a crystal oscillator, an optimum 
design range which averts spurious oscillations becoming 
narrowed, so that design becomes very difficult. 
SOLUTION: An area of points, representing main 
oscillation and spurious oscillations of a conventional 
mode chart is plotted by a value, in proportion to the 
total charge volume included in each oscillation, and a 
region which averts the spurious oscillation of a large 
area is selected as optimum design region. 
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CLAIMS 



[Claim(s)] 

[Claim l] A layout method of a piezoelectric transducer characterized by computing the amount of 
charges which asks for displacement of a principal vibration of a piezoelectric transducer, and spurious 
vibration with the finite element method, and is generated in an electrode surface with this displacement. 
[Claim 2] A creation method of a mode chart characterized by having created a mode chart showing the 
size dependency of a principal vibration and spurious vibration, having asked for displacement of a 
principal vibration of said piezoelectric transducer, and spurious vibration with the finite element method 
in the technique of determining an optimum design value from that mode chart, having computed the 
amount of charges generated in an electrode surface with this displacement, and adopting this amount of 
charges as weighting when designing a piezoelectric transducer. [Claim 3] The layout method of the 
piezoelectric transducer characterized by to determine the optimum design field of a piezoelectric 
transducer from the mode chart which created the mode chart showing the size dependency of a principal 
vibration and spurious vibration, asked for displacement of a principal vibration of said piezoelectric 
transducer, and spurious vibration with the finite element method in the technique of determining an 
optimum design value from that mode chart, computed the amount of charges generated in an electrode 
surface with this displacement, and adopted this amount of charges as weighting in case a piezoelectric 
transducer designs. [Claim 4] A creation method of a frequency temperature characteristic curve 
characterized by asking for displacement of a principal vibration of said piezoelectric transducer, and 
spurious vibration not only with a frequency location of spurious vibration but with the finite element 
method, adopting a method of computing the amount of charges generated in an electrode surface with 
this displacement in a creation method of a frequency temperature characteristic curve of a piezoelectric 
transducer computed with the finite element method, and carrying out weighting to spurious vibration. 
[Claim 5] The layout method of the piezoelectric transducer characterized by to determine the layout 
optimal field using the temperature characteristic curve which created by asking for the displacement of 
the principal vibration of said piezoelectric transducer, and spurious vibration not only with the 
frequency location of spurious vibration but with the finite element method, adopting the method of 
computing the amount of charges generated in an electrode surface with this displacement in the layout 
method of the piezoelectric transducer using a frequency temperature characteristic curve of a 
piezoelectric transducer computed with the finite element method, and carrying out weighting to spurious 
vibration. [Claim 6] A layout method of a piezoelectric transducer characterized by asking for 



displacement of a principal vibration of a piezoelectric transducer, and spurious vibration with the finite 
element method, computing the amount of charges of a principal vibration using a method of computing 
the amount of charges generated in an electrode surface with this displacement, and determining an 
optimum design configuration from that configuration dependency. [Claim 7] A layout method of a 
piezoelectric transducer characterized by making into an optimum design field a field where the 
configuration dependency of frequency was also taken into consideration, and said amount of charges and 
said frequency were stabilized in addition to said amount of charges in a layout method of a piezoelectric 
transducer of claim 6. [Claim 8] A layout method of a piezoelectric transducer characterized by said 
piezoelectric transducer being a quartz resonator in claims 1, 3, 5, and 6 or 7. 

[Claim 9] A creation method of a mode chart characterized by said piezoelectric transducer being a quartz 
resonator in claim 2. 

[Claim 10] A creation method of a frequency temperature characteristic curve characterized by said 
piezoelectric transducer being a quartz resonator in claim 4. [Claim 11] A layout method of a piezoelectric 
transducer characterized by determining a blank size of a piezoelectric transducer based on the amount of 
net charge generated by association with a principal vibration and spurious vibration. [Claim 12] Said 
blank size is the layout method of a piezoelectric transducer according to claim 11 characterized by 
determining that reduction of the amount of charges of said principal vibration by said spurious vibration 
will become below a predetermined value. [Claim 13] A simulation method of a piezoelectric transducer 
characterized by computing the amount of net charge generated by association with a principal vibration 
and spurious vibration. [Claim 14] Layout equipment of a piezoelectric transducer characterized by 
having a parameter input means to input a blank size of a piezoelectric transducer as a parameter, and 
an amount calculation means of net charge to compute the amount of net charge generated by association 
with a principal vibration and spurious vibration about said blank size. [Claim 15] Layout equipment of a 
piezoelectric transducer according to claim 14 characterized by having further a mode chart display 
means which carries out the enlarged display of the point which shows said spurious vibration on a mode 
chart corresponding to said amount of net charge. [Claim 16] Said mode chart display means is layout 
equipment of a piezoelectric transducer according to claim 15 characterized by what is displayed with a 
circle which has area corresponding to said amount of net charge for a point which shows said spurious 
vibration. [Claim 17] Layout equipment of a piezoelectric transducer according to claim 14 or 15 
characterized by having further a principal-vibration display means to display change of the amount of 
charges of said principal vibration to said blank size, and frequency. [Claim 18] A simulation program of a 
piezoelectric transducer characterized by making a computer perform a step which computes the amount 
of charges generated by association with a principal vibration and spurious vibration.by making a blank 
size of a piezoelectric transducer into a parameter. [Claim 19] A simulation program of a piezoelectric 
transducer characterized by making a computer perform a step which computes the amount of charges 
generated by association with a principal vibration and spurious vibration by making temperature into a 
parameter to a specified blank size. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the layout method of a 
piezoelectric transducer, the creation method of a mode chart, the creation method of a frequency 
temperature characteristic curve, the layout equipment of a piezoelectric transducer, and the simulation 
program of a piezoelectric transducer. 
[0002] 

[Description of the Prior Art] The principal -vibration frequency of an AT cut quartz resonator is 
determined by the formula (l), when the crystallographic axis xl of vibrator with the configuration of a 
rectangle plate, x2, and x3 are defined like drawing 1 and each size is set to length 2a, thickness 2b, and 
width-of-face 2c. [0003] 
[Equation l] 

f (i.i.o) ;^SsI&Jil>&8fe 
C 66 .C 

[0004] This is called the thickness slip vibration which starts displacement in the xl direction with 
slipping to direction x2 of thickness 2b as shown in drawing 2 , and the Xtal blank is mostly in inverse 
proportion to thickness 2b, as frequency was shown by the formula (l). as it shows by drawing 3 (a), in 
order that this thickness slip vibration may have the temperature characteristic of the 3rd curve and may 
show only about **10 ppm frequency deviation in the temperature characteristic in -50 degrees C - 100 
degrees C which is the use range of an equipment - high - it is widely used as a stable source of frequency. 
[0005] However, various mechanical vibration in addition to a principal vibration also exists in 
coincidence, and, generally is called spurious vibration (unnecessary vibration) to the Xtal blank with a 
configuration like drawing .1 . The mode of a typical spurious vibration is shown in drawing 4 , and the 
formula of the frequency drawn from the equation of motion corresponding to those modes is shown below. 



Here, in the case of drawing 4 (a), a formula (2) corresponds, in the case of drawing 4 (b), a formula (3) 
corresponds, and, in the case of drawing 4 (c), a formula (4) corresponds. 
[0006] x 
[Equation 2] 

♦—=2^/90 + -H=("--r)') ■■■<« 

[0007] 

[Equation 3] 
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[0008] 

[Equation 4] 



[0009] A formula (2) - a formula (4) show that frequency is greatly influenced by length 2a and 
widthofface 2c of a blank in the mode a standing wave stands in length 2a or the direction of 
widthofface 2c. When this spurious vibration exists near the principal vibration, energy-association with 
a principal vibration arises, consequently the energy of a principal vibration is taken, an impedance rises 
or frequency shifts. 

[0010] Since spurious vibration had a far big temperature coefficient compared with the principal 
vibration, as drawing 3 (b) showed especially, it is the temperature dependence (the temperature 
characteristic is called below.) of a principal vibration. While measuring, a principal vibration is 
approached away quickly. Especially at the temperature which a principal vibration and spurious 
vibration intersect, when a principal vibration jumps and it is included in an oscillator, in order to cause a 
misfire phenomenon, on the occasion of layout of a vibrator blank, it is determined that length 2a and 
width of face 2c will avoid spurious vibration. For this reason, exact spurious oscillating prediction is a 
technical problem important for layout of vibrator. 

[0011] Generally, what plotted each frequency location of the principal vibration called a mode chart and 
spurious vibration to the blank configuration is used for layout of vibrator. Although it is an example of 
the conventional low frequency mode chart which was shown in drawing 5 , an axis of ordinate is 
frequency and a horizontal axis is width of face 2c of vibrator. In this Fig., other blank length 2a, the size 
of an electrode, etc. presupposed that it is fixed. In addition, the value from which width of face 2c and 
length 2a were standardized by the horizontal axis with thickness 2b in the normalized radiam frequency 
by which frequency was standardized on the frequency of the Xtal blank without an electrode may be 
used for an axis of ordinate. 

[0012] The point of being located all over drawing and on a line is a principal vibration, and the other 
point is spurious vibration. Spurious vibration which crosses a principal vibration does not exist in the 
field surrounded with a circle all over drawing. The vibrator whose frequency was stable can be obtained 
by designing 2c size corresponding to this field as blank width of face. In actual vibrator, since an 



electrode is added or vibrator is supported, frequency is not observed as computed by the formula (l) * the 
formula (4). 

[0013] Conventionally, such a mode chart is recent years and the finite element method ( FEM (Finite 
Element Method) is called henceforth.), although created by experiment for every configuration in many 
cases. The highly precise AT cut vibrator analysis to depend is established. (JP, 2000" 183415, A) A mode 
chart can be created now also by the computer. It is the result of drawing 5 also being computed by FEM. 
[0014] Thus, a mode chart is indispensable, in order to perform spurious oscillating prediction of a quartz 
resonator efficiently and to look for an optimum design value. 
[0015] 

[Problem(s) to be Solved by the Invention] Recently, the demand of RFizing to a quartz resonator is 
becoming high. As the formula (l) showed, in a RF, the contour vibration depending on length 2a shown 
by the formula (2) - the formula (4) or width-offace 2c becomes a high order wave. If a high order wave 
exists in the direction of length 2a, or the direction of width-of-face 2c, since many spurious vibration 
which they compounded will also be generated, the number of spurious vibration increases further. 
[0016] The conventional mode chart in a RF field is shown in drawing 6 . If it becomes a RF as compared 
with drawing 5 so that clearly, the gap of spurious vibration will become dense and the field suitable for 
layout will become very narrow. And in mass production, in order for there to be a processing error and 
also to have to take the frequency shift by the temperature of spurious vibration into consideration, it is 
next to impossible to find the optimal field. 

[0017] However, not all spurious vibration computed in the temperature characteristic causing a 
frequency jump on experience, but the part in it combining with a principal vibration, and worsening the 
temperature characteristic was known. In order to evaluate the degree given to the principal vibration of 
spurious vibration, using the charge generated on the surface was also proposed (Shingaku Giho US 
97-45 (1997 09)). Since Xtal has piezoelectric, the strain in the crystal generated by vibration is changed 
into a charge. The amount of charges is expressed with a formula (5). 
[0018] 

[Equation 5] 

\ D z dx 3 dxi 
D 2 =ez5(uK3+U3,i)+e26(ui,2 + U2.i) — (5) 
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[0019] In FEM count, since the amount of displacement of each spurious vibration is computed, the 
amount of net charge generated on the surface is also computable by integrating with them the portion by 
which electrode addition was carried out. However, the surface charge of spurious vibration was what 
would catch the motion with the conventional continuous appraisal method by the interaction with other 
spurious vibration or a principal vibration to being what changes every moment last. 

[0020] Then, the purpose of this invention is offering the layout method of a piezoelectric transducer 



which can evaluate the effect which spurious vibration has on a principal vibration, the creation method 
of a mode chart, the creation method of a frequency temperature characteristic curve, the layout 
equipment of a piezoelectric transducer, and the simulation program of a piezoelectric transducer, taking 
into consideration the interaction of spurious vibration and a principal vibration. 
[0021] 

[Means for Solving the Problem] In this invention, the total amount of surface charge in each size 

i 

conditions of each spurious vibration computed using a formula (5) as an index of judging strength of 
spurious vibration was used. It is because Xtal was piezoelectric crystal, so it thought that generating 
many amounts of charges became the factor which checks thickness slip vibration when it will be said 
that vibration is caused with big displacement and it naturally exists near a principal vibration. We 
decided to plot with a value proportional to the amount of net charge which specifically has the area of a 
point of expressing a principal vibration of the conventional mode chart, and spurious vibration when 
each vibration joins together. 
[0022] 

[Embodiment of the Invention] Hereafter, the layout method of the piezoelectric transducer concerning 
the operation gestalt of this invention is explained, referring to a drawing. 

(Example l) It replaces with drawing 5 and the mode chart shown in 6, and asks for the displacement of 
the principal vibration of said piezoelectric transducer, and spurious vibration with the finite element 
method, the amount of charges generated in an electrode surface with this displacement is computed, and 
the mode chart plotted by the method which adopted this amount of charges as weighting is shown in 
drawing 7 and 8. In addition, drawing 7 shows a low frequency mode chart, and drawing 8 shows a RF 
mode chart. Moreover, in drawing 7 and 8, what was expressed with a circle [ white ] is a principal 
vibration, and since it is very large compared with other spurious vibration, the amount of net charge has 
been made 1/20 of the amount of charges of displays. Other round heads express spurious vibration. 
[0023] What having become clear from drawing 8 combines with a principal vibration like x3 **** 
slipping contour vibration, and is easy to cause a frequency jump in the temperature characteristic has 
many amounts of charges of the spurious vibration [ itself ], and has had big effect on the principal 
vibration as shown by the drawing Nakaya mark. Moreover, although the round mark also showed the 
other spurious vibration, although the amount of charges is not large in the field greatly distant from the 
principal vibration, when a principal vibration is approached, there are some whose amount of charges 
combine with a principal vibration and increases like. 

[0024] That the amount of charges of spurious vibration increases means that the charge leakage to the 
spurious vibration from a principal vibration has taken place, and its amount of charges of a principal 
vibration decreases. That is, a principal vibration is checked, the increment in an impedance is caused or 
a frequency jump is caused. On the other hand, even if it approaches a principal vibration, change of the 
amount of charges is hardly shown, and spurious vibration to leave also exists. Some experiments were 
conducted in order to check these phenomena. 

[0025] The temperature characteristic of the vibrator made as an experiment in the widthofface (2c) size 
(1296 micrometers) of A point considered to be the easiest to be influenced by x3 **** slipping contour 
vibration shown in drawing 8 is shown in drawing 9 . That drawing 9 (a) is shown in the temperature 
dependence of principal-vibration frequency deviation and drawing 9 (b) plots the amount of gaps (curve 
fit error) from the 3rd curve of the principal vibration frequency deviation drawn into drawing 9 (a). 



Drawing 9 (c) shows the temperature dependence of an impedance. As it has guessed with the mode chart 
of drawing 8 , it turns out that two or more big frequency jumps exist in the elevated -temperature side. 
From this thing, it has checked that spurious vibration existed also in the real device around the spurious 
vibration with the large amount of charges on the mode chart. 

[0026] Thus, paying attention to the amount of net charge generated by association with a principal 
vibration and spurious vibration, spurious vibration which has big effect on reduction of the amount of 
charges of a principal vibration is displayed greatly relatively, and a small spurious vibration of the effect 
which it has on reduction of the amount of charges of a principal vibration is displayed small relatively. 
Thereby, which spurious vibration can distinguish easily whether the temperature characteristic of a 
principal vibration is worsened, and becomes possible [ designing the piezoelectric transducer in 
consideration of a frequency temperature anomaly easily ]. 

(Example 2) Drawing 10 is the conditions in the same A point, and shows the temperature characteristic 
using the amount of net charge computed by FEM analysis, namely, not only the frequency location of 
spurious vibration but the finite element method - association of the principal vibration of a piezoelectric 
transducer, and spurious vibration - displacement - asking ■- this association - the temperature 
characteristic curve was created by adopting the method of computing the amount of charges generated 
in an electrode surface with displacement, and carrying out weighting to spurious vibration. 
[0027] The condition of association with the frequency deviation of spurious vibration and the principal 
vibration by the temperature change can check clearly like the mode chart in an example 1. Drawing 9 (a) 
In an elevated-temperature field, three spurious vibration SPl, SP2, and SP3 existed, and especially two 
spurious vibration SP2 and SP3 by the side of an elevated temperature has the large amount of charges, 
and has suggested inducing the big jump of principal-vibration frequency as checked by the experimental 
result of - (c). Thus, also in the temperature characteristic, it becomes possible by taking the amount of 
charges into consideration to perform more exact temperature characteristic prediction. 
(Example 3) The experiment investigated the phenomenon about spurious vibration in which the amount 
of charges which exists near the principal vibration was small similarly. The temperature characteristic 
measurement result of the vibrator made as an experiment on the same conditions is shown in drawing* 
12 (a) - (c). In addition, in drawing 12 (a), the frequency temperature characteristic of a B point and 
drawing 12 (b) show the curve fit error of a B point, and drawing 12 (c) shows the impedance temperature 
characteristic of a B point. 

[0028] A conspicuous spurious vibration was not able to be observed especially in a measurement result. 
Thus, a big spurious vibration was not observed in the real device, but what was judged that there are not 
a principal vibration and big association by evaluation of the amount of charges has checked that it was 
an effective means to make the amount of charges into an index. On the other hand, drawing 11 shows 
the temperature characteristic in consideration of the amount of charges computed from count. Although 
two spurious vibration SP4 and SP5 crosses to a principal vibration as the line showed all over drawing, 
the amount of net charge is not increasing greatly. (Example 4) Although it. is effective in seeing the 
frequency physical relationship of a principal vibration and other spurious vibration, and the degree of 
transfer of a charge to adopt the mode chart which took the amount, of charges into consideration in this 
way, the circumference of the spurious vibration with many amounts of charges hides, and also has the 
defect that it cannot, see to a fine point. 10029] Then, especially paying attention to a principal vibration, 
change of the amount, of charges and frequency may be plotted, as shown in drawing 13 . Drawing 13 



shows the widthofface (2c) size dependency of a principal vibration and the amount of charges. This is 
the result of calculating on the same conditions as drawing 8 . In drawing 13 , since change of the amount 
of charges and frequency is expressed by coincidence, when the charge of a principal vibration is revealed 
to spurious vibration and the amount of charges decreases, signs that frequency is also shifted under the 
effect can be observed well. Based on this graph, the field stabilized by the both sides of frequency and the 
amount of charges can be chosen, and optimum design-ization of vibrator can be realized. 
[0030] Drawing 14 is a flow chart which shows actuation of AT analyzer concerning 1 operation gestalt of 
this invention. In drawing 14 , the model used as the candidate for analysis is determined (step Si). 
Specifically, a blank configuration, the existence of an electrode, the quality of the material of an electrode 
or a piezo electric crystal, temperature, boundary condition, etc. are determined. 

[0031] Next, the mesh for analysis in the finite element method is created (step S2), and characteristic 
value analysis is performed (step S3). After specifically creating the matrix which uses a mesh point as an 
element, characteristic value and a characteristic vector are computed and it asks for resonance frequency. 
Next, each resonance frequency is analyzed and the amount of displacement, distortion, and surface 
charge are computed (step S4). 

[0032] Next, while creating the mode chart corresponding to surface charge (step S5), a temperature 
characteristic curve is displayed (step S6). Thus, according to the operation gestalt mentioned above, the 
amount of charges generated by the amount of charges and spurious vibration which are generated by the 
principal vibration is not calculated separately, respectively, but the amount of net charge generated by 
association with a principal vibration and spurious vibration is calculated. 

[0033] Spurious vibration which this combines [ vibration ] with a principal vibration among various 
spurious vibration, and worsens the temperature characteristic is not specified, it does not combine with 
a principal vibration, but it becomes possible to specify spurious vibration which does not worsen the 
temperature characteristic. For this reason, by keeping and specifying spurious vibration which is not 
combined with a principal vibration when it is difficult **, with to find the good field of the temperature 
characteristic by spurious vibration in all fields, like the RF mode chart of drawing 6 , it becomes easy to 
find the good field of the temperature characteristic, and it becomes possible to design with additional 
coverage. 
[0034] 

[Effect of the Invention] This invention can acquire the effect according to rank which is indicated below 
by taking a method which was mentioned above. According to this invention, by [ which exist in the 
frequency characteristic of a quartz resonator in FEM analysis ] computing the amount of displacement of 
various spurious vibration, and the amount of charges of spurious vibration computed from it, and 
plotting the value on a mode chart at coincidence, the effect to the principal vibration of spurious 
vibration can be predicted more correctly, and an optimum design field can be grasped correctly. Thereby, 
the increase of whenever [ design-margin ] and mass-production nature not only go up, but since efficient 
development can be performed, it can perform reduction which is a count of a prototype, and compaction 
of a development cycle. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll The definition showing the system of coordinates and each size of vibrator in this invention of 
a mark is shown. 

fDrawing 21 The oscillation mode of a principal vibration is shown. 

[Drawing 3l (a) shows the frequency temperature characteristic of a common AT cut quartz resonator, and 
(b) shows the frequency jump generated in the frequency temperature characteristic, when spurious 
vibration exists. 

fDrawing 4l The oscillation mode of a typical spurious vibration is shown, (a) shows a thickness slipping 
seiche, (b) shows x3 **** slipping contour vibration, and (c) shows xl shaft contour vibration. 
[Drawing 5l A horizontal axis expresses width of face (2c), and an axis of ordinate expresses frequency 
with the conventional mode chart. 

[Drawing 6l The conventional mode chart in a RF band is shown. 

fDrawing 7] The low frequency mode chart by 1 operation gestalt of this invention with which 
consideration of a charge is carried out to each spurious vibration is shown. 

fDrawing 8l The RF mode chart by 1 operation gestalt of this invention with which consideration of a 
charge is carried out to each spurious vibration is shown. 

[Drawing 9l (a) shows the frequency temperature characteristic in an A point, (b) shows the temperature 
characteristic of the curve fit error in an A point, and (c) shows the impedance temperature characteristic 
in an A point. 

[Drawing 101 The temperature characteristic curve in consideration of a charge is shown. 

[Drawing 111 The temperature characteristic in a B point (calculation value) It is shown. 

fDrawing 121 (a) shows the frequency temperature characteristic in a B point, (b) shows the temperature 

of the curve fit error in a B point, and (c) shows the impedance temperature characteristic in a B point. 

[Drawing 13l The widthofface (2c) size dependency of a principal vibration and the amount of charges is 

shown. 

[Drawing 14l It is the flow chart which shows actuation of AT analyzer concerning 1 operation gestalt of 
this invention. 
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If #« 1 4 IB«©£E*Siii^W^fi-^« 0 
[if 1 6 ] HufB^- bm^mt, mllB 

m*^%Bx&^z>z.k*w®k-rz>Wi%.*%.\ sib 

[if#«17] HUfB^7^^^-ft{c*fi-2)BufB±liS!) 

^$f>(cM^2,r i^#mii-?>if#3Sl 4*fc(4l 5 
IB«cojE«stii^oW:f+^a„ 
[if#«i8] ffiltStbT-co^7V^^-fe^/>°9>- 
^ k LT, £MW)kxy>JT*MW)k<Dm'&\z£^x%. 
±-t 5 mi" 5 ^ x y -7* a V f zr - ^ t UtT 

[|f#3Si9] »3£*ixfc^'7>'^'+ftK:»L, jfift 
Sr^7^-^i:LT, ±&W)k*7V7*ffi.W}k<D'&& 
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[0 009] A (2) -it (4) fi^a^H 
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<5o ft* 2 a*l«K>«i2 c *|filtCig^jK^ffft-r5 

Sox poz 
\D2dx3dxv 

D 2 = e2s(ui.3 + u a .i) + 



6 
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fi©®'> * £ ft f£« Sr 4- 7L Z x -7 y T * SSI) Sr4U*t to 

£4 9, *ZwfyT*WA». £ffi«>©i&«*H*£J8 
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SrmiB'Ji-5-i»4Ul5feft^o7t. r©4 5t^ ®itft© 
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